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INTRODUCTION 


1'his  study  was  conducted  to  determine  the  minimum  update  rate  of  a 
‘.arcing  function  display  required  fui  the  operator  to  approximate  the 
tracking  performance  obtained  on  a continuous  display.  Previous  studies 
(see  review  by  Frost,  1072,  p 287)  using  t. inu.  on  target  as  a measure  of 
performance,  obtained  a breakdown  in  performance  around  15  samples  per 
second . in  this  study,  frequency  analysis  was  used  to  determine  whether 
there  was  an  associated  change  in  the  trnnsier  function  characteristics  of 
th>  operator.  It  was  xpe* tod  that  as  the  forcing  function  display  update 
rate  was  reduced,  from  120  to  15  samples  per  second,  the  operator's  response 
to  the  higl  frequency  components;  of  the  forcing  function  would  show  a 
decrease  in  gain,  an  increase  in  ; hast  lag,  and  a decrease  in  coher  nee. 


APT  ARATUS 


The  forcing  function,  in  each  dimension,  consisted  of  the  sum  of  nine 
ainc  waves  and  simulated  a Gaussian  noise  passed  through  a second  order 
fi'ter  with  a roll-off  frequency  at  1 Hz.  The  forcing  function  was 
goner,  ted  at  rates  of  120,  60,  30,  or  J.5  samples  per  .second  and  presented  on 
the  screen  at  these  update  rates.  An  optical  projection  system  consisting 
of  a low  power  laser  and  a pair  of  gaLvo-mirrors  r mr  projected  the  forcing 
function  onto  a cloth  screen  in  the  form  of  a spot  of  red  light  randomly 
moving  in  two  dimensions  about  a center  spot  marked  on  the  screen.  The 
maximum  excursion  of  the  forcing  function  was  +5°  visual  angle  in  azimuth 
and  elevation,  as  viewed  by  the  subject  (S).  The  ^5°  visual  angle  positions 
were  also  marked  on  the  screen  and,  along  with  the  center  spot,  served  as 
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calibration  points  for  both  the  forcing  function  and  S's  eye  movement 
response.  The  subject  tracked  the  forcing  function  from  a position  on  the 
pposite  side  of  the  screen  iron-  the  optical  projections  s stem  and  equi- 
distant from  the  sere  n. 

The  subject's  eye  Linu-of-sight  was  computed  using  the  AMRL  Hone we 1 1 
Remote  Oculometer.  tor  a eomrlete  description  of  the  Goniometer,  see 
Merchant,  et.  al.,  1974.  Calibration  cf  the  Oculometer  prior  to  each 
tracking  run  was  accomplished  by  using  a second  optical  projection  sy ft cm 
positioned  adjacent  tc  Liu  farcing  function  optical  projection  system.  The 
movement  of  the  laser  spot  genet  ted  lv  this  second  system  corresponded  to 
the  subject's  eye  i ine-of -sight . The  Oculomotor-driven  laser  spot  was  turned 
» f f during  the  tracking  run. 

'five  channels  oi  a seven  channel  1/2-inch  Amp  ex  300  instrumentation 
tape  recorder  were  used  to  record:  (1)  rime  code,  (2)  horizontal  forcing 
function,  (3)  vertLe,.i  forcing  function,  t-)  horizontal  eve  movements,  and 
(S)  vertical  ye  movements. 


PiU it;'-' bcK  . 


Four  student.-,  two  male,  two  rv  . le,  rrom  the  University  of  Dayton 
served  as  subjects  for  this  study.  Each  subject  tracked  the  forcing 
function  twice  at  each  sampling  rate  (eight  tracking  runs  per  subject)  in  a 
partially  balanced  design.  The  data  for  each  subject  was  collected  in  two 
test  sessions  of  four  tracking  runs  each.  After  seating  the  subject,  the 
operation  of  the  Oculometer  was  checked  and  calibrated.  The  subject  was 
instructed  to  sit  in  a natural,  comfortable  position.  The  only  constraint, 
placed  upon  the  subject  was  the  instruction  to  refrain  from  making  large 
head  movement.  The  subject  was  Instructed  to  follow  (pursue)  the  moving 
spot  of  light  with  his  eyes  as  the  spot  moved  on  the  screen.  The  subjects 
were  screened  for  uncorrected  20/20  vision.  Between  runs  subjects  were 
given  a short  rest. 


RES  I.' 121  S 


Frequency  analyses  of  the  data  from  the  four  subjects  were  accomplished 
using  an  IBM  370  Computer  and  the  HMD  X92  program.  For  each  run  the  power 
spectral  density  of  the  forcing  function,  the  power  spectral  density  of  the 
eye  response  output,  the  cross  power  spectral  density,  the  cross  correlation, 
the  coherence,  and  the  transfer  functions  in  gain  and  phase  were  computed. 

The  data  for  the  two  runs  for  a given  sampling  rate  condition  were  averaged, 
for  each  subject,  at  each  of  the  nine  sine  wave  component  frequencies  of  the 
forcing  function. 
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The  average  transfer  function  gain,  averaged  . ross  subjects,  for  each 
of  the  four  sampling  rates,  are  present  d in  Figure  1 (Horizontal)  and 
Figure  3 (Vertical).  No  differences  attributable  to  sampling  rate  are 
present . 

The  average  transfer  function  phase,  averaged  across  subjects, for  each 
of  the  four  sampling  rates,  are  presented  in  Figure  2 (Horizontal)  and 
Figure  4 (Vertical).  An  Increase  in  transport  delay  of  approximately  30  msec 
was  observed  at  the  15  samples  per  second  update  rate  for  both  the  horizontal 
and  vertical  tracking  data. 

The  coherence  data  averaged  around  ,98  with  a slight  drop  off  at  the 
high  frequencies  and  showed  no  differences  attributable  to  the  sampling 
rate  of  the  forcing  function. 


DISCUSS i ON 


The  lowest  updat  rate  ust-d  in  this  study  (15  samples  per  second)  was 
not  low  enough  to  have  an  appreciable  effect  upon  the  transfer  function 
characteristics  of  the  operator.  Further  research  i:  planned  using  lower 
update  rates.  bxpeetod  changes  it  the  hi  li  frequency  sine  waves  components 
of  the  forcing  function  not  observed  in  this  study  may  In  observed  at  lower 
update  rates.  A time  on  target  analysis  of  the  data  is  planned  to  determine 
whether  the  results  of  this  study  correspond  with  the  results  previously 
reported . 
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Figure  1.  Horizontal  Cain  in  a Function  of  Update  Rates 
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Figure  2.  Horizontal  Phase  as  a Function  of  Update  Rates 
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Figure  4.  Vertical  Phase  as  a Function  of  Update  Rates 


